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Abstract  17 
There is a commitment by the European pig sector to ban surgical castration of male 18 
piglets in the European Union in 2018. One alternative to castration is to raise entire 19 
male pigs, with an increased risk of boar taint. A field study was performed to 1) 20 
evaluate inter- and intra-farm variation in boar taint prevalence, 2) investigate factors 21 
measured at slaughter influencing boar taint and 3) evaluate the relationship between 22 
sensorial scoring by a trained panel and the concentration of boar taint components. 23 
From 34 farms, neck fat samples were collected from all entire male pigs in at least 2 24 
slaughter batches per farm (78 batches; 9167 animals). In addition to olfactory boar 25 
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taint analysis, data was also collected on fresh skin lesions (score 0-3) at the 26 
slaughter line, slaughter weight, lean meat percentage, duration of transport, time 27 
spent in lairage, total delivery duration, day length, shortening of days and outdoor 28 
mean temperature. Using the hot iron method, neck fat samples were scored (8-point 29 
scale) for boar taint. Average boar taint prevalence (score ≥3) was 5.6 ± 2.5% and 30 
the mean difference between the maximum and minimum prevalence per farm was 31 
4.3 ± 3.2%. Androstenone (AND), skatole (SKA) and indole (IND) concentrations 32 
were measured for a subset (n= 254) of the samples. According to binomial 33 
univariate mixed models, entire male pigs with a higher skin lesion score had higher 34 
odds of having boar taint (P=0.031), as did fatter entire male pigs (P<0.001). In the 35 
binomial multivariate mixed model lean meat percentage (P<0.001) and outdoor 36 
mean temperature (P=0.005) remained as only significant factors. Based on our 37 
results, we can conclude that these statistically significant at least partially influence 38 
the prevalence of boar taint. According to the binomial univariate mixed models 39 
skatole concentration in liquid fat seems a better predictor for boar taint than 40 
androstenone. There were no significant synergetic effects between boar taint 41 
compounds. 42 
 43 
Keywords: Boar taint, boar taint compounds, carcass traits, pre-slaughter 44 
conditions, season  45 
 46 
Implications  47 
Boar taint prevalence varied between farms and between batches, farm as well as 48 
slaughter related factors should be taken into account. Skin lesions and time spent in 49 
lairage may reflect aggression and stress during the hours preceding slaughter, 50 
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which suggests that both ought to be minimised but this should be confirmed by 51 
further research. Lean meat percentage was found to be linked negatively with boar 52 
taint. Breeding leaner entire male pigs could help to reduce boar taint; however this 53 
might have other, less desirable effects on meat quality. There could be higher boar 54 
taint prevalence in summer. 55 
 56 
Introduction  57 
European pork producers have committed to stopping the practice of surgical 58 
castration of male piglets from 2018 onwards. One alternative, raising entire male 59 
pigs, is associated with the risk of commercializing meat with an undesirable taste 60 
known as boar taint. Boar taint is mainly caused by androstenone (AND) and skatole 61 
(SKA). There is also some indication that indole (IND) plays a role in boar taint, 62 
particularly at low SKA concentrations but this is not yet clear (Moss et al., 1993; 63 
Claus et al., 1994; Annor-Frempong et al., 1997a; Rius and García-Regueiro, 2001). 64 
AND is produced in the testes; SKA and IND are produced by micro-organisms in the 65 
gut (Claus et al., 1994; Lanthier et al., 2007). Few recommendations have been 66 
made about how farmers can reduce the prevalence of boar taint. Selection against 67 
boar taint is a promising route to reduce AND concentrations but this path is 68 
associated with negative effects on fertility, daily gain, drip loss and intramuscular fat 69 
(Moe et al., 2009; Haberland et al., 2014). Previous research has indicated that boar 70 
taint prevalence may vary from farm to farm (Aluwé et al., 2015). In that study, only 71 
one slaughter batch was analysed per farm. The question remained whether these 72 
observed differences might be farm-specific, slaughter-related, animal-related or all 73 
of the above. In the present study, we evaluated several factors that are measured at 74 
the time of slaughter. Some of these factors have short-term effects and have been 75 
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linked only recently to boar taint (e.g. fresh skin lesions, transport duration, time 76 
spent in lairage) but some other factors that also play a role have longer-term effects 77 
such as lean meat percentage, slaughter weight and season. All factors were chosen 78 
because they are easily measured at time of slaughter and have been studied in 79 
relation with boar taint. Mörlein et al. (2012) suggested that entire male pigs that 80 
experienced longer transport duration had higher AND, SKA and IND concentrations 81 
which was supported by the findings of Wesoly et al. (2015). Skin lesions on the 82 
carcass (as a measure of aggressive behaviour during transport) have also been 83 
positively linked to SKA and IND (Wesoly et al., 2015), but another study found no 84 
link (Parois et al., 2015), while no significant correlation between skin lesions, 85 
measured in the home pen, and boar taint compounds was found in yet another 86 
study (Prunier et al., 2013). Season may influence boar taint (Claus et al., 1983; 87 
Andersson et al., 1998; Prunier et al., 2013) even though differences between 88 
seasons are not always seen (Walstra et al., 1999). When such a seasonal effect 89 
was seen, higher levels of AND were observed in fall, which was attributed to 90 
decreasing day length (Claus et al., 1983; Andersson et al., 1998; Prunier et al., 91 
2013). Higher levels of SKA have been found in summer and this has been related to 92 
higher temperature and soiling (Hansen et al., 1994;Walstra et al., 1999). Slaughter 93 
weight could affect the concentration of boar taint compounds in fat, most notably 94 
AND because heavier entire male pigs tend to be older and are thus more sexually 95 
developed. Slaughter weight has been found to be correlated with SKA as well. 96 
Correlation coefficients have often been found to be positive but are either low or 97 
non-significant at commercially relevant slaughter weights (Walstra et al., 1999). 98 
Interactions between slaughter weight and breed have been found as well, reflecting 99 
differences in pubertal development between breeds (Walstra et al., 1999; 100 
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Zamaratskaia and Squires, 2009; Aluwé et al., 2011). Lean meat percentage has 101 
been found to be weakly negatively correlated to boar taint compounds (Walstra et 102 
al., 1999). While several factors have been evaluated in clearly defined studies, only 103 
a limited number of large-scale studies have been performed concerning boar taint 104 
prevalence on farms that account for slaughter- or farm specific risk factors (van 105 
Wagenberg et al., 2013). Due to the low prevalence of boar taint (Aluwé et al., 2015), 106 
large numbers of slaughter pigs must be included in such studies. Since 2010 107 
several Belgian farmers have made the transition to keeping entire male pigs, 108 
creating an opportunity to conduct a large-scale study. 109 
The present large-scale study of boar taint used olfactory analysis on back fat 110 
samples performed by a trained panel to 1) estimate inter- and intra-farm variation in 111 
boar taint prevalence, 2) quantify the effect of factors measured at slaughter on boar 112 
taint and 3) evaluate the relationship between sensorial scoring by a trained olfactory 113 
panel and the concentration of boar taint components.  114 
 115 
Material and methods  116 
Farms and slaughter batches 117 
From 34 participating farms located in Flanders (Belgium), boar taint prevalence was 118 
estimated for a minimum of 2 slaughter batches (i.e. a group of entire male pigs 119 
being delivered for slaughter on a particular day) with a minimum of 50 entire male 120 
pigs per batch and at least 1 month in between slaughter batches to ensure slaughter 121 
of different age groups (born from different sow batches). This yielded 78 slaughter 122 
batches in total. Data were collected in 3 slaughterhouses. Farms were randomly 123 
selected with a minimum of 16 farms per slaughterhouse. All farms always delivered 124 
6 
 
their pigs to the same slaughterhouse. Data and samples were collected between 125 
October 2013 and August 2014.  126 
 127 
Factors measured at slaughter 128 
All data were collected at slaughter. The data collected at animal level included skin 129 
lesions, carcass weight and lean meat percentage (carcass data were provided by 130 
the slaughterhouses, the 3 slaughterhouses used 3 different systems, all with a 131 
calibrated function to predict lean meat percentage (Ministerial decision 2013): 1) the 132 
autoFOM III which corrects for carcass weight, 2) PG200 which can give slightly 133 
higher lean meat percentage for lower carcass weights, 3) VCS2000-3c, which can 134 
give a comparable effect at lower carcass weights). Skin lesions were scored at the 135 
slaughter line on the left and right side of the carcass (fresh wounds) on a 4-point 136 
scale (0= 0 lesion, 1= 1-8 lesions, 2= 9-24 lesions, 3= >25 lesions) (Wesoly et al., 137 
2015) for the first 100 entire male pigs per slaughter batch. The left and right side 138 
scores were averaged to one lesion score per carcass. Data on slaughter batch level 139 
included time of loading at farm, arrival at slaughterhouse and time of slaughter of 140 
the first entire male pig. These times were used to calculate the transport duration, 141 
the time spent in lairage and the total delivery duration for each slaughter batch. 142 
Hours of daylight were determined from an online database for all slaughter dates 143 
(U.S.Naval Observatory, 2015). A dummy variable was created to indicate whether at 144 
that time of year the days got shorter or longer on the slaughter date. Outdoor mean 145 
temperatures for that day were also consulted in an online database for all slaughter 146 
dates (National Centers for Environmental Information (NCEI), 2015). All data except 147 
for the skin lesion score and seasonal/day-length data were obtained from the 148 
slaughterhouses (Table 1).  149 
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 150 
Boar taint detection 151 
Neck fat samples (40 g) from all entire male pigs of each slaughter batch (n= 9167 152 
entire male pigs) were collected at the end of the slaughter line. Each sample was 153 
scored for boar taint by a trained panel in a separate laboratory environment at ILVO 154 
using the hot iron method (Aluwé et al., 2015). Most of the samples were analysed 155 
on the same day. When this was not possible, samples were frozen at -20°C and 156 
analysed a few days to weeks later. 157 
Panellist training consisted of 5 steps. First, 8 panellists were selected for AND 158 
sensitivity using smell strips in 3 alternative forced choice tests (3-AFC). Second, 159 
they were taught to arrange smell strips with different AND and SKA concentrations 160 
in order of intensity. Third, they were taught to use the hot iron method on fat 161 
samples and were taught the scoring system. Fourth, they had to complete a series 162 
of 3-AFC tests with 27 fat samples of varying concentrations of AND, SKA and IND. 163 
Last, they were asked to score 3 replicate series of 15 fat samples each. After 164 
completing these steps without making a mistake in classifying a sample as tainted 165 
or non-tainted, a panellist was considered to be trained. In total, 8 experts were 166 
trained and all participated in the trial. Panellists were made aware of the fact that 167 
boar taint is mainly due to AND, SKA and IND. They were also aware that other 168 
unknown compounds could contribute to boar taint. In the final stage of training the 169 
score given by a panellist was related to the concentrations of AND, SKA and IND 170 
and feedback was given to each panellist on how their score related to these 171 
concentrations. 172 
The scoring system consisted of an 8-point scale (1= no aberrant odour, 2= some 173 
aberrant odour but no boar taint, 3= aberrant odour but no boar taint, 4= very light 174 
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boar taint, 5= light boar taint, 6= some boar taint, 7= strong boar taint, 8= very strong 175 
boar taint). Each sample was scored by a minimum of 2 panellists with the average 176 
as final score. When this final score exceeded 3, the sample was considered tainted 177 
(OLF-tainted). Prevalence on slaughter batch and farm level were calculated as the 178 
percentage of OLF-tainted samples.  179 
Chemical analysis was also performed to double-check the performance of the 180 
panellists. A representative batch of neck fat samples (n= 254), corresponding with 181 
the full range of possible olfactory scores, was analysed using UHPLC-HR-Orbitrap-182 
MS to determine AND, SKA and IND concentrations (µg/g liquid fat) (Bekaert et al., 183 
2012b) (Fig. 1). Sensitivity and specificity were calculated for the panel’s final score 184 
with the chemical analysis results as reference (at least one compound above cutoff 185 
was considered CHE-tainted). Sensitivity and specificity were also calculated for the 186 
chemical analysis results with the panel’s final score as reference. For this, we set 187 
cutoffs in liquid fat, above which the sample was considered CHE-tainted (cutoff 188 
AND= 2.00 µg/g, cutoff SKA= 0.25 µg/g, cutoff IND= 0.15 µg/g). These cutoffs were 189 
based on our own analyses as the concentration where there is a 50% chance the 190 
sample will be considered OLF-tainted by our panel (according to Fig. 2). 191 
 192 
Data analysis 193 
In our first analysis the effect of factors measured at slaughter was investigated using 194 
univariate mixed binomial models considering mean lesion score, transport duration, 195 
time in lairage, total delivery duration, carcass weight, lean meat percentage, day 196 
length, shortening of day and outdoor mean temperature as fixed effects and farm 197 
and slaughter batch (nested in that order) as random effects and the logit P(boar 198 
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taint), chance of an OLF-tainted carcass, as predicted value (based on the final 199 
score).  200 
In our second analysis the effect of these same factors was investigated using a 201 
multivariate mixed binomial model with again farm and slaughter batch (nested in 202 
that order) as random effects and the logit P(boar taint), chance of an OLF-tainted 203 
carcass, as predicted value (based on the final score). This model was constructed 204 
using an ascending method on the basis of lowest p-value. The correlation between 205 
the factors was evaluated. The reason for discussing both analyses is that in the 206 
second analysis the number of samples that are considered is much lower (n= 5106 207 
in the multivariate model) due to samples with missing values for one of the variables 208 
in the model that can’t be used. To show the summarised data, several categories 209 
were constructed for each variable and these are graphically represented in Figure 3, 210 
these categories are not involved in the analysis (this was done on sample level). 211 
Each variable is divided into 6-8 categories along the variable’s range, for each class 212 
the chance of having an OLF-tainted carcass was calculated as well as the number 213 
of samples. 214 
The relationship between sensorial scoring by the trained panel and the 215 
concentration of boar taint components was investigated using separate binomial 216 
models considering AND, SKA, IND as predicting variables and the logit P(boar taint) 217 
as predicted value (based on final score). This analysis was done for each compound 218 
on a further subset of the samples were only samples were considered for which the 219 
concentrations of the other compounds was below their respective cutoff. To check 220 
for interactions, three new variables were constructed signifying for each compound if 221 
it was below or over the cutoff value. Then three univariate logistic regression models 222 
to predict the P(boar taint) were set up, one for each combination of these new 223 
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variables (AND & SKA, SKA & IND and AND & IND). The included variable was each 224 
time a factor with four levels indicating if both compounds were below cutoff, if one of 225 
the two compounds was higher than the cutoff or if both compounds were higher than 226 
the cutoff. Data analysis was done in R 3.2.3 (R Core Team, 2013) using the lme4 227 
package (Bates et al., 2015). 228 
 229 
Results  230 
Boar taint prevalence 231 
The mean prevalence (according to olfactory panel) of boar taint (of all slaughter 232 
batches per farm) on the participating farms ranged from 2.2% to 11.6% with a mean 233 
of 5.6 ± 2.5% (Fig. 4). The difference between the maximum and minimum 234 
prevalence on the various farms ranged from 0.2% to 13.1% with a mean of 4.3 ± 235 
3.2%. The distribution of scores was as follows; 1 – 86.46%, 2 – 6.62%, 3 – 2.38%, 4 236 
– 1.82%, 5 – 1.34%, 6 – 0.93%, 7 – 0.38%, 8 – 0.07%, with samples having a score 237 
higher than 3 representing samples with boar taint. 238 
 239 
Factors measured at slaughter 240 
Mean skin lesions (average of scores for both sides of the carcass) (P=0.031), lean 241 
meat percentage (P<0.001) were significantly linked with the likelihood of boar taint 242 
presence. When the mean skin lesion score increased, the chance of an OLF-tainted 243 
carcass was higher (Fig. 3a). Inversely, when lean meat percentage increased, the 244 
chance of an OLF-tainted carcass was lower (Fig. 3b). A trend (P=0.078) towards a 245 
higher chance of boar taint with increasing outdoor mean temperature was 246 
observed(Fig 3c). Time in lairage (P=0.091) showed a trend as well, with a higher 247 
chance of boar taint as time in lairage increased (Fig. 3d). Carcass weight (P=0.572), 248 
11 
 
transport duration (P=0.161), total delivery duration (P=0.107), day length (P=0.677) 249 
and shortening of days (P=0.170) had no significant link with a higher chance of boar 250 
taint.  251 
The significant factors of the multivariate model were lean meat percentage 252 
(P<0.001) and outdoor mean temperature (P=0.005) (Fig. 3). The directions of the 253 
effects were the same as in the univariate analysis. Existence of multicollinearity was 254 
analysed. Lean meat percentage and carcass weight were linked (r= -0.35, P<0.001), 255 
as well as outdoor mean temperature and day length (r= 0.83, P<0.001) and 256 
shortening of days (average outdoor mean temperature 10.6°C when the days get 257 
longer, 14.3°C when the days get shorter, P<0.001). 258 
Boar taint detection 259 
Chemical analysis indicated that 34.6% of the 254 samples were CHE-tainted while 260 
according to olfactory panel 44.5% were OLF-tainted. Of the 113 samples considered 261 
positive for boar taint by the olfactory panel, chemical analysis revealed that 16.8%, 262 
40.7%, 33.6% and 5.3% had levels above cutoff for AND, SKA, IND and all 263 
compounds, respectively. Of the 141 samples considered negative for boar taint by 264 
the olfactory panel, 7.1%, 7.1%, 4.3% and 0.7% had levels above cutoff for AND, 265 
SKA, IND and all compounds, respectively. The distribution of samples above 266 
individual and combined compound cutoffs is shown in table 2. If we consider 267 
olfactory assessment as the reference method and chemical analysis as a predictor, 268 
sensitivity was 0.75 and specificity was 0.72. If we consider chemical analysis as the 269 
reference method and olfactory assessment as a predictor sensitivity was 0.58 and 270 
specificity was 0.84 (Table 3). In the models AND (P=0.044), SKA (P<0.001) and IND 271 
(P=0.001) had significant effects on the chance of a carcass being positive for boar 272 
taint according to the olfactory panel (Fig. 2). For AND, the chance of an OLF-tainted 273 
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carcass ranges from 0.2 at lowest concentration to 0.6 at highest concentration in 274 
more or less a straight line. At more or less an AND concentration of 2.0 µg/g the 275 
chance for an OLF-tainted carcass is 50%. For SKA chance of an OLF-tainted 276 
carcass ranges from 0.2 at lowest concentration to 1.0 at highest concentration but a 277 
plateau is reached at a concentration of 0.5 µg/g. At more or less a SKA 278 
concentration of 0.25 µg/g the chance for an OLF-tainted carcass is 50%. For IND 279 
the chance of an OLF-tainted carcass ranges from 0.2 at lowest concentration to 1.0 280 
at highest concentration and a plateau is reached at this highest concentration. At 281 
more or less an AND concentration of 0.15 µg/g the chance for an OLF-tainted 282 
carcass is 50%. There was no difference in odds of an OLF-tainted sample in any of 283 
the interaction models between one compound above cutoff or two compounds 284 
above cutoff. Hence there was no significant interaction between AND and SKA, 285 
between SKA and IND or between AND and IND (Fig.5). 286 
 287 
Discussion  288 
Boar taint prevalence 289 
The difference between the maximum and minimum boar taint prevalence (according 290 
to olfactory panel) within farms ranged from 0.2% to 13.1%. This indicates that boar 291 
taint prevalence is not constant across slaughter batches from the same farm and 292 
indicates that factors not related to the farm are at least as important for boar taint as 293 
farm-related factors. The overall prevalence of 5.6% is higher than in previous 294 
European studies but is still in line with the prevalence found in a previous Belgian 295 
study (3%) (Aluwé et al., 2015) and a Dutch study (3 to 4%) (van Wagenberg et al., 296 
2013), and in line with a recent study reporting prevelances based on chemical 297 
analysis between 4 and 7 % for Spanish farms (Borrisser-Pairó et al., 2016). 298 
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 299 
Factors measured at slaughter 300 
Our results from the univariate models showed that carcasses with a higher number 301 
of newly-incurred skin lesions had a higher chance of boar taint. This might be a 302 
result of elevated levels of stress and aggression related to pre-slaughter conditions 303 
(Turner et al., 2006), which may affect SKA and IND formation (Claus et al., 1994). 304 
Stress may affect colonic function or SKA-degrading enzymes. Such short term 305 
effects before slaughter have only recently been described and further research is 306 
needed in this area (Bailey et al., 2011; Maksymchuk and Chashchyn, 2012; Wesoly 307 
et al., 2015), especially as others have not found this link with skin lesions (Bekaert 308 
et al., 2012a; Parois et al., 2015; Prunier et al., 2013). Skin lesion score was no 309 
longer a significant factor in our multivariate model. However the number of samples 310 
remaining in the multivariate model containing skin lesion score, lean meat 311 
percentage and outdoor mean temperature is only a fraction (n=3709) compared to 312 
the number of observations used in the univariate models (Table 1). It is very well 313 
possible that there are not enough samples remaining to obtain the same significant 314 
link, as also the effect size is halved in this analysis for this factor. 315 
Longer time spent in lairage was associated, as a trend, with increased chances of 316 
boar taint. This concurs with the study of Wesoly et al. (2015), who observed 317 
increased SKA and IND concentrations with longer pre-unloading time (time spent 318 
waiting for unloading at the slaughterhouse, which in the present study was 319 
incorporated into lairage time). Wesoly et al. (2015) also reported increased AND 320 
concentration in fat with longer transport duration, but in the present study, transport 321 
duration did not significantly affect the odds for boar taint as assessed by an olfactory 322 
panel. In the present study, transport durations from the same farms were similar, 323 
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which could clarify the lack of a link for this factor. In the multivariate model, none of 324 
these transport related factors had a significant link. The significant factors for the 325 
univariate model influencing boar taint on the short-term, suggest that boar taint 326 
research should not only focus on farm management but also on pre-slaughter 327 
conditions. Further research should therefore also evaluate the impact of several 328 
strategies to reduce stress and aggressive behaviour during transport and lairage to 329 
clarify the link of these factors with the prevalence of boar taint.  330 
The inverse relationship between lean meat percentage and the chance for boar taint 331 
has been found previously (Walstra et al., 1999). Carcass leanness has an effect on 332 
fat composition, as it is positively correlated with the percentage of unsaturated fatty 333 
acids (Wood et al., 2008). Fat composition could affect the volatilisation of AND and 334 
SKA with a direct effect on odour perception or through increased metabolism of 335 
AND and SKA (Rius et al., 2005; Mörlein and Tholen, 2015) and thus influence 336 
olfactory perception. Possibly differences between breeds, feeds or other (unknown) 337 
factors may be responsible for the observed relation between boar taint and lean 338 
meat percentage, but these were outside the scope of the present study. Selecting 339 
for leaner entire male pigs would be a possible strategy to reduce boar taint 340 
prevalence (Lean et al., 1972). Recent research showed that selecting towards a 341 
favourable Asp298Asn polymorphism of the melanocortin-4 receptor increases the 342 
meat percentage and reduces the boar taint risk (Van den Broeke et al., 2015). 343 
However, with entire male pigs, there may already be a risk of inferior meat quality 344 
because of the high lean meat content of the carcasses. Excessive leanness leads to 345 
negative effects on juiciness, flavour and shear strength (toughness) (Kempster et 346 
al., 1986). Fat quality can also be a problem with excessive leanness (Bañón et al., 347 
2000). 348 
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In the present study, carcass weight had no significant effect on the chance of 349 
occurrence of boar taint per carcass. In previous studies low but significant 350 
correlations have been found between carcass/live weight and boar taint compounds 351 
due to its link with pubertal development and AND, resulting in increased AND 352 
concentrations in fat of heavier entire male pigs (Walstra et al., 1999; Babol et al., 353 
2002; Aluwé et al., 2011). Nearly all (90%) of the samples in the present study came 354 
from carcasses between 77.1 kg and 113.5 kg; it is possible that these commercial 355 
slaughter weights are too high to find a significant effect on boar taint development. 356 
The results from the multivariate analysis confirmed that leanness of the animals, 357 
contrarily to carcass weight, was significantly associated with a reduced chance for a 358 
carcass to be OLF-tainted. 359 
We hypothesised that season could have an effect on boar taint because shortening 360 
of the days can stimulate pubertal development and higher outdoor mean 361 
temperatures can affect SKA (Claus et al., 1983; Hansen et al., 1994). Day length 362 
nor the shortening of day length showed a significant link, but outdoor mean 363 
temperature on the day of slaughter did show a trend in the univariate model. 364 
Previous studies showed contradictory findings relating to season and generally 365 
small effects for commercial conditions (Walstra et al., 1999). This could be due to 366 
differences in seasonal effects per country and per year. One hypothesis for the link 367 
with outdoor mean temperature is that it affects liver metabolism, with higher outdoor 368 
mean temperatures leading to lower degradation of SKA (Deslandes et al., 2001). 369 
The results from the multivariate model confirm the link with outdoor mean 370 
temperature. The multivariate analysis confirmed that seasonal effects play a part in 371 
the chance of having an OLF-tainted carcass.  372 
 373 
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Boar taint detection 374 
With a sensitivity of 0.75 and a specificity of 0.72 (chemical analysis as reference 375 
with cutoff AND= 2.00 µg/g, cutoff SKA= 0.25 µg/g, cutoff IND= 0.15 µg/g), we 376 
consider the performance of the olfactory panel to be adequate as these results are 377 
in line with the panel performance found in previous studies on boar taint with varying 378 
values for sensitivity (0.16 to 0.61) and specificity (0.97 to 0.82) (Mathur et al., 2012; 379 
Meier-Dinkel et al., 2015). When SKA was very high (above 0.4 μg/g), nearly all 380 
panellists considered the carcass as tainted whereas when AND was high (above 4 381 
μg/g) only 60% of the panellists considered it as tainted. This suggests that SKA is a 382 
better predictor for boar taint. When comparing the probability of considering a 383 
carcass as OLF-tainted, the difference between high AND alone and high SKA alone 384 
was not significant even though there was a numerical difference (55 vs 80 %). A 385 
higher role for skatole has been found in earlier studies as well (Mathur et al., 2012; 386 
Meier-Dinkel et al., 2015). This could be due to temporal aspects as all samples were 387 
scored immediately after heating and it has been shown that AND is less volatile and 388 
more readily percieved later (De Kock et al., 2001). There were no significant 389 
interactions between compounds, this suggest no additive or inhibiting effects 390 
between boar taint compounds. This is partly in contrast with studies done earlier 391 
where SKA and IND contribute to the intensity of AND, no such effect between SKA 392 
and IND is also found in these studies however (Frempong et al.,1997a; Frempong et 393 
al.,1997b). This could be due to the fact of only a limited number (3 each) of samples 394 
are present with a combination of boar taint compounds (AND & SKA, and AND & 395 
IND) above cutoff.  396 
 397 
Conclusion 398 
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Boar taint prevalence differs between slaughter batches from the same farm. This 399 
indicates that factors that vary from one batch to another may have influence on boar 400 
taint. The results suggest that skin lesions and time spent in the lairage may be 401 
linked with boar taint, one hypothesis is that this is linked with aggression and stress. 402 
Also, selection for leaner pigs could help in reducing boar taint. Furthermore, in 403 
warmer periods, more tainted carcasses may need to find alternative markets. 404 
Further research is necessary to disentangle the causal relationship of these factors 405 
with boar taint. 406 
SKA could be the most important compound determining boar taint, with AND having 407 
a smaller influence, there seems to be a link with IND as well. A larger study with 408 
more samples analysed for boar taint compounds could shed light on these 409 
relationships.  410 
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Table 1 Summary of data collected from 34 farms from a minimum of 2 slaughter 566 
batches per farm (total=78) 567 
  Mean St.d. Min Max N1 
Skin lesion score2,3 0.9 0.6 0.0 3.0 6217 
Transport duration (min)4 70.0 61.1 5.0 330.0 72 
Time in lairage (min)4 113.5 77.5 10.0 330.0 77 
Total delivery duration (min)4 182.5 113.2 40 605 72 
Carcass weight (kg)3 95.1 11.2 45.0 143.4 7749 
Lean meat percentage (%)3 64.9 2.5 52.4 73.7 7431 
Day length (h)4 12.2 3.1 7.9 16.5 78 
Outdoor mean temperature (°C)4 11.7 5.0 4.2 24.0 54 
1Number of entire male pigs for variables on animal level, number of batches for variables on 568 
slaughter batch level 569 
2Average of lesion score for left and right side of carcass (0-3) 570 
3Collected at animal level 571 
4Collected at slaughter batch level 572 
 573 
 574 
 575 
 576 
 577 
 578 
 579 
 580 
 581 
 582 
25 
 
Table 2 Number of samples having only one compound above the threshold values 583 
(2.0, 0.25, 0.15 μg/g pure fat for AND, SKA and IND) when located on the diagonal, 584 
or exactly two compounds above the threshold values when located above the 585 
diagonal.  586 
Number of samples 
CHE-tainted for Androstenone Skatole Indole 
Androstenone 16 3 3 
Skatole  25 21 
Indole   13 
Number of samples CHE-tainted for all compounds = 7 587 
Number of samples CHE-tainted for none of the compounds = 166 588 
 589 
 590 
 591 
 592 
 593 
 594 
 595 
 596 
 597 
 598 
 599 
 600 
 601 
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Table 3 Cross table of number of OLF- and CHE-tainted samples in the subset of 602 
samples. 603 
Number of samples OLF-untainted OLF-tainted Total 
CHE-untainted 119 47 166 
CHE-tainted 22 66 88 
Total 141 113 254 
 604 
 605 
 606 
 607 
 608 
 609 
 610 
 611 
 612 
 613 
 614 
 615 
 616 
 617 
618 
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Figure captions  619 
 620 
Figure 1 Histograms for androstenone (a), skatole (b) and indole (c) concentrations. 621 
Analysis performed on a batch of 254 entire male pigs. 622 
Figure 2 Relation between boar taint compounds and olfactory perception of boar 623 
taint for a subsample of entire male pigs with only samples where the concentration 624 
of the compounds whose relation with boar taint is not shown in the respective plot, 625 
under their respective cutoffs: (a) Regression of P(Boar taint) as a function of 626 
androstenone (AND) (CHE-tainted: n=16, CHE-untainted: n=166), for samples with 627 
SKA an IND under cutoff. (b) Regression of P(Boar taint) as a function of SKA (CHE-628 
tainted: n=25, CHE-untainted: n=166) , for samples with AND an IND under cutoff(c) 629 
Regression lines of P(Boar taint) as a function of IND (CHE-tainted: n=13, CHE-630 
untainted: n=166), for samples with AND an SKA under cutoff, and with P(boar taint) 631 
as the chance that the olfactory panel would consider an entire male carcass to be 632 
tainted. 633 
Figure 3 Relation of factors measured at slaughter and boar taint (by olfactory panel) 634 
for a subsample (n) of entire male pigs for the univariate model (uni-model) and the 635 
multivariate model (multi-model) if applicable: (a) Regression line of P(Boar taint) in 636 
function of mean skin lesion score (n=6217), with mean skin lesions as the average 637 
(0-3) given on both sides of each carcass; (b) Regression line of P(Boar taint) in 638 
function of lean meat percentage for the uni-model, n(U)=7431, and for the multi-639 
model, n(M)=5106) for two outdoor mean temperature (T); (c) Regression line of 640 
P(Boar taint) in function of outdoor mean temperature for the uni-model n(U)=6316, 641 
and for the multi-model m(n)=5106 for two lean meat percentage (LM) values. (d) 642 
Regression line of P(Boar taint) in function of time in lairage (n=8989). Dots and 643 
28 
 
dotted line (summarised data not involved in the analysis): Mean values and 644 
standard error for P(Boar taint) with each variable divided into equidistant categories, 645 
each dot indicates the P(boar taint) for the average of the corresponding category. 646 
P(boar taint): chance that the olfactory panel would consider an entire male carcass 647 
to be tainted. 648 
Figure 4 Prevalence of OLF-tainted carcasses for each slaughter batch per farm 649 
(34). Each dot represents one slaughter batch from that farm. The black lines 650 
represent the average prevalence per farm. 651 
Figure 5 Mean chance of finding a tainted carcass (P(boar taint) by olfactory panel 652 
on final score) for combinations of boar taint compounds with concentration below (L) 653 
of above (H) cut-off level (respectively: 2.0 µg/g, 0.25 µg/g and 0.15 µg/g) for 654 
androstenone (A), skatole (S) and indole (I); (a) combination of androstenone and 655 
skatole, (b) skatole and indole (c) androstenone and indole In each figure the x-axis 656 
signifies respectively if both compounds are under cutoff (Lx_Ly), one of the two is 657 
over cutoff (Lx_Hy and Hx_Ly) or both are over cutoff (Hx_Hy). Were x and y 658 
represent A= AND, S= SKA or I= IND. The lines represent significant differences (“*” : 659 
P<0.05). 660 
